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902
Establishing a wireless connection between an audio
gateway device and a hands-free device using a protocol
supporting a single subscription.
904 ¢
\ Establishing a first call which terminates or originates
at the hands-free device via a first subscription.
Setup an Outgoing Call
906

\ Receiving an indicator from the hands-
free device to switch subscriptions,
where the indicator does not specity a
subscription.

908 l

\ Establishing an originating (outgoing)
second call which originates at the hands-
free device via a second subscription.

Setup an Incoming Call

910 y
Sending an indicator to the hands-free
device of an incoming third call, where
the indicator does not specify a
subscription.

912 l

b\ Establishing the third call via a
second subscription which
terminates at the hands-free device.

Exemplary Method of Operation
of Audio Gateway Device

FIG. 9
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1102
\ Establishing a wireless connection between a hands-free
device and an audio gateway device using a protocol
supporting a single subscription.
1104 l
\ Establishing a first call which terminates or originates
at the hands-free device via a first subscription.
Setup an Outgoing Call
1106 - — .
Sending a first indicator to the audio
gateway device to switch subscriptions,
where the first indicator does not
specify a subscription.
1108 l
\ Establishing an originating (outgoing)
second call which originates at the hands-
free device via a second subscription.
Setup an Incoming Call

1110 A 4
Receiving a second indicator at the
hands-free device of an incoming third
call, where the second indicator does
not specify a subscription.

1112 l

Y Establishing the third call via a
second subscription which
terminates at the hands-free device.

Exemplary Method of Operation
of Hands-Free Device

FIG. 11
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1
CALL HANDLING ACROSS SUBSCRIPTIONS
IN DUAL SIM DUAL ACTIVE (DSDA)
DEVICES VIA SHORT RANGE WIRELESS

BACKGROUND

1. Field

The present disclosure pertains to communication devices
incorporating multiple Subscriber Identity Modules (SIMs),
and more particularly, to techniques that permit hand free
devices to manage multiple calls from different SIMs.

2. Background

Communication devices, including mobile/wireless com-
munication devices, mobile phones, smartphones, etc., may
include multiple subscriber accounts. For instance, Dual SIM
devices (e.g., Dual SIM Dual Standby DSDS, Dual SIM Dual
Active DSDA, etc.) permit a communication device to com-
municate using different subscriber accounts and/or net-
works. Each SIM may be associated with a different sub-
scriber account, a different network, and/or a radio access
technology (RAT).

Many communication devices are adapted with short range
or near field wireless communication capabilities to allow the
exchange of voice and/or data communications. For example,
many mobile phone devices are enabled with Bluetooth inter-
faces that allow a mobile phone device to send and/or receive
audio and/or data to/from a Bluetooth-enabled device. This
enables what is commonly referred to as “hands free” opera-
tion of a device.

In Bluetooth terminology, a mobile phone is often called an
audio gateway (AG) and the wireless headsets or car kits are
called often referred to a hands free unit (HF). The AG and HF
communicate with each device using standard (Global Sys-
tem for Mobile Communication (GSM) Attention (AT) com-
mands. Only an HF is designed to send any AT commands
(e.g., ATA, ATD, AT+CHLD).

Bluetooth Hands free Profile 1.6 (HFP 1.6) is a technical
specification designed by Bluetooth SIG https://blue-
tooth.org. The current Bluetooth Hands free Profile is
designed to handle single SIM call scenarios with call states:
one active, one held call, and one incoming call (e.g., three
calls total) at one instant of time. No additional states beyond
this transitory three-call state is possible when using a single
SIM. Note that the maximum acceptable final state could be
one active and one held (i.e., two calls total).

DSDA devices are able to support up to six (6) calls on two
subscriptions. For instance, a first subscription SUB-A may
support 1 active call, 1 held call, and 1 incoming call, while a
second subscription SUB-B may support 1 active call, 1 held
call, 1 incoming call. With these multi-SIM communication
devices, no mechanism is currently available to allow a HF
device to handle calls from two or more SIMS (subscrip-
tions). That is, this call state (e.g., from multiple SIMs) cannot
be conveyed to the HF device with the current Bluetooth HFP
specification. Additionally, under the HFP 1.6 specification,
no mechanism currently exists to allow conveying subscrip-
tion information to the HF device from the AG device.

Consequently, there is a need for ways to permit a HF
device to select calls in multi-call scenarios, especially in the
context of multi-SIM devices.

SUMMARY

A method operational on a multi-subscriber identity mod-
ule audio gateway device is provided. A wireless connection
may be established between the audio gateway device and a
hands free device using a protocol supporting a single sub-
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2

scription. A first call may be established which terminates or
originates at the hands free device via a first subscription. An
outgoing call may be setup via a second subscription by: (a)
receiving a first indicator from the hands free device to switch
subscriptions, where the first indicator does not specify a
subscription; and/or (b) establishing an originating second
call via the second subscription which originates at the hands
free device. The first call may be placed on hold when the
second call is established.

An incoming call may be setup via the second subscription
by: (a) sending a second indicator to the hands free device of
an incoming third call, where the second indicator does not
specify a subscription; and/or (b) establishing the third call
via the second subscription which terminates at the hands free
device. The second call may be placed on hold when the third
call is established. In one example, the first indicator and
second indicator may reuse a command from the protocol.

The audio gateway device may maintain status information
for all calls and subscriptions on behalf of the hands free
device. The first indicator may indicate a relative switch from
a current subscription to another subscription (e.g., without
specifying a particular subscription). No subscription infor-
mation is transmitted from the audio gateway device to the
hands free device.

The audio gateway device may be communicatively
coupled to a wireless network, distinct from the wireless
connection with the hands free device, through which voice
calls are transmitted to and from the audio gateway device.

In one example, the audio gateway device may manage
calls for two or more subscriptions where such calls originate
or terminate at the hands free device but without conveying
subscription information to the hands free device. In another
example, the audio gateway device manages calls for two or
more subscriptions where such calls originate or terminate at
the hands free device but without identifying a specific sub-
scription to the hands free device.

Similarly, an audio gateway device may be provided com-
prising: a first wireless communication interface, a second
wireless communication interface, a first subscriber identity
module, a second subscriber identity module, and/or a pro-
cessing circuit. The first wireless communication interface
may serve to communicate with a telephony network. The
second wireless communication interface may serve to com-
municate with a hands free device. The first subscriber iden-
tity module may facilitate calls via a first subscription. The
second subscriber identity module may facilitate calls via a
first subscription. The processing circuit may be coupled to
the first wireless communication interface, the second wire-
less communication interface, the first subscriber identity
module, and the second subscriber identity module. The pro-
cessing circuit may be configured to: (a) establish a wireless
connection between the audio gateway device and the hands
free device using a protocol supporting a single subscription;
(b) establish a first call which terminates or originates at the
hands free device via the first subscription; (c) setup an out-
going call via the second subscription by: (1) receiving a first
indicator from the hands free device to switch subscriptions,
where the first indicator does not specify a subscription; and/
or (2) establishing an originating second call via the second
subscription which originates at the hands free device; and (d)
setup an incoming call via the second subscription by: (1)
sending a second indicator to the hands free device of an
incoming third call, where the second indicator does not
specify a subscription; and/or (2) establishing the third call
via the second subscription which terminates at the hands free
device.
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A method operational on a hands free device is also pro-
vided. A wireless connection may be established between the
hands free device and an audio gateway device using a pro-
tocol supporting a single subscription. A first call may also be
established which terminates or originates at the hands free
device via a first subscription. An outgoing call may be setup
via a second subscription by: (a) sending a first indicator to
the audio gateway device to switch subscriptions, where the
first indicator does not specify a subscription; and/or (b)
establishing an originating second call via the second sub-
scription which originates at the hands free device. Similarly,
an incoming call via a second subscription by: (a) receiving a
second indicator at the hands free device of an incoming third
call, where the second indicator does not specify a subscrip-
tion; and/or (b) establishing the third call via the second
subscription which terminates at the hands free device. The
first indicator may indicate a relative switch from a current
subscription to another subscription. The hands free device
may receive no subscription information from the audio gate-
way device.

Similarly, a hands free device is provided, comprising: a
first wireless communication interface to communicate with
an audio gateway device; and a processing circuit coupled to
the first wireless communication interface. The processing
circuit may be configured to: (a) establish a wireless connec-
tion between the hands free device and the audio gateway
device using a protocol supporting a single subscription; (b)
establish a first call which terminates or originates at the
hands free device via a first subscription; (c) setup an outgo-
ing call via a second subscription by: (1) sending a first
indicator to the audio gateway device to switch subscriptions,
where the first indicator does not specify a subscription; and/
or (2) establishing an originating second call via the second
subscription which originates at the hands free device; and/or
(d) setup an incoming call via the second subscription by: (1)
receiving a second indicator at the hands free device of an
incoming third call, where the second indicator does not
specify a subscription; and/or (2) establishing the third call
via the second subscription which terminates at the hands free
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an audio gateway
(AG) device having multiple subscriptions and that permits a
hands free (HF) device to support switching between the
subscriptions.

FIG. 2 illustrates a first exemplary approach in which a HF
device is able originate a first call on a first subscription while
receiving a second call from a second subscription of an AG
device.

FIG. 3 illustrates a second exemplary approach in which a
HF device is able originate a first call and a second call, both
on a first subscription, while receiving a third call from a
second subscription of an AG device.

FIG. 4 illustrates a third exemplary approach in which a HF
device is able to originate a first call on a first subscription and
subsequently originate a second call from a second subscrip-
tion of an AG device.

FIG. 5 illustrates a fourth exemplary approach in which a
HF device is able to originate a first call on a first subscription
and subsequently originate a second call from a second sub-
scription of an AG device.

FIG. 6 illustrates a fifth exemplary approach in which a HF
device is able to originate a first call and a second call on a first
subscription and subsequently originates a third call from a
second subscription of an AG device.
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FIG. 7 illustrates a sixth exemplary approach in which a HF
device is able to terminate a first call on a first subscription
and subsequently terminate a second call on a second sub-
scription of an AG device.

FIG. 8 is a block diagram illustrating an exemplary audio
gateway device adapted to facilitate calls over multiple sub-
scriptions for hands free devices that only support a single
subscription.

FIG. 9 illustrates a method operational on a multi-SIM
(subscriber identity module) audio gateway device.

FIG. 10 is a block diagram illustrating an exemplary hands
free device adapted to facilitate calls over multiple subscrip-
tions when the hands free device only support a single sub-
scription.

FIG. 11 illustrates a method operational on a hands free
device.

DETAILED DESCRIPTION

In the following description, specific details are given to
provide a thorough understanding of the various aspects of
the disclosure. However, it will be understood by one of
ordinary skill in the art that the aspects may be practiced
without these specific details. For example, circuits may be
shown in block diagrams in order to avoid obscuring the
aspects in unnecessary detail. In other instances, well-known
circuits, structures and techniques may not be shown in detail
in order not to obscure the aspects of the disclosure.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any implementation or
aspect described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other aspects
of the disclosure. Likewise, the term “aspects” does not
require that all aspects of the disclosure include the discussed
feature, advantage or mode of operation.

Overview

A method is provided for a hands free device adapted for
single subscriber operation to be able to support calls on
multiple subscriptions. An audio gateway device may facili-
tate calls from multiple subscriptions with the hands free
device without specifying specific subscription information
to the hands free device. The audio gateway device may keep
track of a currently selected subscription, since the hands free
device is unableto do so. The audio gateway device and hands
free device may then switch between subscriptions without
actually identifying a subscription. This allows the hands free
device to communicate over at least two different subscrip-
tions without the need to specify a subscription as the audio
gateway device keeps track of the current subscription state.
Exemplary Operating Environment

In existing solutions for single-SIM devices, the AG and
HF communicate with each other using standard GSM AT
commands. Only the HF is designed to send any AT com-
mands (e.g., ATA, ATD, AT+CHLD).

FIG. 1 is a block diagram illustrating an audio gateway
(AG) device 102 (e.g. mobile phone) having multiple sub-
scriptions 112 and 114 (e.g., multiple SIMs) and that permits
a HF device 106 to support switching between the subscrip-
tions 112 and 114. The call manager 110 manages calls for the
subscriptions 112 and 114 and communicates with the HF
device 106. In this example the HF device 106 may include or
is coupled to a Bluetooth (BT) headset 116. A telephony
interface 108 is configured to act as an interface between the
call manager 110 and HF device 106. The HF device 106 may
include a display device 118 (e.g., to display an incoming call
indicator) and a dialing input device 120, such as a keypad, to
dial a number for an outgoing call.



US 9,131,061 B2

5

The audio gateway device 102 may be, for example a
mobile phone, smartphone, or other communication device
that may connect with a wireless network (e.g., a subscriber
network) for voice and/or data communication services. The
HF device 106 may be an electronic device that is capable of
communicating with the audio gateway device 102 to obtain
an audio signal (e.g., obtained as a stream of data packets or
an inaudible analog signal from the audio gateway device
102) and play the audio signal over audio transducers (e.g.,
headset, earphones, etc.). Additionally, the HF device 106
may also capture audio via a microphone and forward the
audio (e.g., as a stream of data packets or an inaudible analog
signal) to the audio gateway device 102. The HF device 106
may also be capable of instructing the AG device 102 to
instruct the AG device 102 to switch between calls, receive an
indication of an incoming call from the AG device 102, and/or
send an indication of an outgoing call to the AG device 102.

Various solutions are described herein to allow the HF
device 106 to handle calls from multiple subscriptions despite
limitations in the Bluetooth Hands free Profile 1.6 which does
not support such operation. In particular, the HF device 106
(e.g., operating according to Bluetooth Hands free Profile
1.6) may not support or have knowledge of multiple subscrip-
tions.

According to one aspect, the AG device 102, which has
knowledge of all available subscriptions, may be configured
to recognize the current call state(s) of the calls for the HF
device 106 on a first subscription (e.g., one or more calls in
active, held, or incoming states), provide an incoming call
indicator to the HF device 106 for a new call on a second
subscription, and automatically/transparently switch sub-
scriptions to allow the HF device to attend to the new incom-
ing call. Since the HF device 106 is not capable of obtaining
information for multiple subscriptions, the AG device 102
maintains call status information on behalf of the HF device
106, including current/preferred subscription. Therefore, the
HF device 106 need not have specific knowledge of subscrip-
tion information for one or more subscriptions on the AG
device 102.

According to another aspect, a messaging mechanism is
provided that permits switching subscriptions without neces-
sarily identifying individual subscriptions. This may be done
by reusing existing messages or indicators to/from the HF
device 106 while the AG device 102 tracks the state of a
preferred subscription.

Exemplary Solution Scenarios

According to a first problem, an AG device that is Dual SIM
Dual Active (DSDA), has a first subscription SUB-A with
active first voice call (call#1) dialed through the HF device
and receives an incoming second voice call (call#2) on second
subscription (SUB-B). When using a typical HF device, it is
not possible to attend (e.g., answer) the terminating second
voice call on SUB-B although it can be rejected using the HF
device. However, the AG device has knowledge of the incom-
ing second voice call and can also attend to it (e.g., answer,
hold, or reject the incoming second voice call).

FIG. 2 illustrates a first exemplary approach in which a HF
device is able originate a first call on a first subscription while
receiving a second call from a second subscription of an AG
device. The HF device 106 may originate a first call from a
first subscription SUB-A 202. The AG device 102 notifies the
call manager 110 of the outgoing first call from SUB-A 204.
Then, an incoming second call on a second subscription
SUB-B is received 206 by the call manager 110. The call
manager 110 notifies the AG device 102 of the incoming
second call on SUB-B 208. The AG device 102 then sends a
fake indicator or command (e.g., attention or AT command) to

30

40

45

6

the HF device 106 for attending to the incoming second call
from the second subscription SUB-B 210. The HF device 106
may then attend (e.g., answer) the incoming second voice call
for the second subscription SUB-B 212 and informs the AG
device 102 that the second call has been attended 214. The AG
device 102 may then inform the call manager 110 that the
second call has been accepted on the second subscription
SUB-B 216.

In this example, the AG device 102 (telephony interface
108) is configured to: (1) recognize that the HF device 106
already has a first call on a first subscription SUB-A, and (2)
send a fake indicator or command to the HF device 106 when
an incoming second call is received via a second subscription
SUB-B, allowing the HF device 106 to answer the incoming
second call. In one example, the AG device 102 sends the
indication of the incoming second call to the HF device 106
irrespective of the subscription (i.e., without telling the HF
device that the incoming second call is from a second sub-
scription SUB-B). For instance, the fake indicator or AT com-
mand may simply indicate an incoming second call and that
the first call should be placed on hold. In this manner, the HF
device 106 is able to receive the incoming second call by
holding or disconnecting all of the calls (i.e., the originated
first call) on the first subscription SUB-A.

According to a second problem, an AG device that is Dual
SIM Dual Active (DSDA), has a first subscription SUB-A
with a first voice call dialed through the HF device and also a
second voice call again dialed through HF device over the first
subscription SUB-A. In that case, the first call of SUB-A will
be on hold and the second call from SUB-A will be active.
Then an incoming third voice call is received by a call man-
ager on a second subscription SUB-B. In this case, the HF
device is not able to receive any indication for terminating the
third voice call for the second subscription SUB-B. Conse-
quently, the HF device is not able to attend to the incoming
third call via the second subscription SUB-B.

FIG. 3 illustrates a second exemplary approach in which a
HF device is able originate a first call and a second call, both
on a first subscription, while receiving a third call from a
second subscription of an AG device. The HF device 106 may
originate a first call from a first subscription SUB-A 302. The
AG device 102 notifies the call manager of the outgoing first
call from SUB-A 304. The HF device 106 may subsequently
originate a second call from the first subscription SUB-A 303.
The AG device 102 may similarly notify the call manager 110
of'the outgoing second call from SUB-A 305. In this instance,
the first call may have been placed on hold by the HF device.

Then, an incoming third call on a second subscription
SUB-B is received 306 by the call manager 110. The call
manager 110 notifies the AG device 102 of the incoming third
call on SUB-B 308. The AG device 102 then sends a fake
indicator or AT command to the HF device 106 for synchro-
nization between AG device 102 and HF device 106 (i.e., with
respect to preferred subscription since it should be the same)
for attending to incoming third call from the second subscrip-
tion SUB-B 310. The HF device 106 may then attend (e.g.,
answer) the incoming third voice call for the second subscrip-
tion SUB-B 312 and informs the AG device 102 that the
second call has been attended 314. The AG device 102 may
then inform the call manager 110 that the third call has been
accepted on the second subscription SUB-B 316.

In this example, the AG device 102 (telephony interface
108) is configured to: (1) recognize that the HF device 106
already has a first call and/or second call on a first subscrip-
tion SUB-A (e.g., either active and/or held), and (2) send a
fake indicator or command to the HF device 106 when an
incoming third call is received via a second subscription



US 9,131,061 B2

7

SUB-B, allowing the HF device 106 to answer the third call.
In one example, the AG device 102 sends the indication of the
incoming third call to the HF device 106 irrespective of the
subscription (i.e., without telling the HF device that the
incoming third call is from a second subscription SUB-B).
For instance, the fake indicator or command (e.g. AT com-
mand) may simply indicate an incoming third call and that the
first call and/or second call should be placed on hold. In this
manner, the HF device 106 is able to receive the third call by
holding or disconnecting the first and/or second calls on the
first subscription SUB-A (or placing the second call on hold
and disconnecting the first call, etc.).

According to a third problem, an AG device may be Dual
SIM Dual Active (DSDA). However, there is no option at the
moment to indicate to the HF device which is a preferred
subscription (e.g., first subscription SUB-A or second sub-
scription SUB-B) on the AG device. Consequently, the HF
device does not have an option to select from which subscrip-
tion to make an originating call. Also, by dialing a call
through the HF will go through the default preferred subscrip-
tion selected by the AG device (e.g., first subscription SUB-
A). If the HF device wants to dial a second originating call
from a second subscription SUB-A, there is no option in the
HF device to permit doing so unless the subscription prefer-
ence is changed at the HF device (e.g., from the first subscrip-
tion SUB-A to the second subscription SUB-B).

FIG. 4 illustrates a third exemplary approach in which a HF
device is able to originate a first call on a first subscription and
subsequently originate a second call from a second subscrip-
tion of an AG device. The HF device 106 may originate a first
call from a first subscription SUB-A 402. The AG device 102
notifies the call manager of the outgoing first call from
SUB-A 404.

Then, the HF device 106 may wish to originate a second
call on a second (different) subscription SUB-B. To do this,
the HF device 106 sends a fake indicator or command to the
AG device 102 for synchronization between AG and HF (with
respect to the preferred subscription since it should be the
same) for originating the second call from the subscription
SUB-B 406 by the HF device 106. That is, the HF device 106
may indicate a switch of subscriptions without necessarily
identifying a particular subscription to be used. For example,
if the current/preferred subscription is the first subscription
SUB-A, the synchronization message 406 from the HF device
would cause a switch to the second subscription SUB-B (if
available). The AG device 102 keeps track of which is the
current/preferred subscription (e.g., SUB-A or SUB-B) since
the HF device 106 is not capable of doing so and/or has no
specific knowledge of the multiple subscriptions. Thus, the
synchronization message 406 may simply request a change of
subscriptions, not to change to a specific subscription since
the HF device has not knowledge of specific subscriptions.
The HF device 106 may then originate a second voice call
from the second subscription SUB-B 408.

The AG device 102 notifies the call manager 110 of the
outgoing second call on SUB-B 410. The call manager 110
may then notify the AG device 102 that the second call has
been originated and accepted from the second subscription
SUB-B 412. The AG device 102 may then inform the HF
device 106 that the second call has been attended on the
second subscription SUB-B 414.

In this example, the AG device 102 (telephony interface
108) is configured to: (1) recognize that the HF device 106
already has a first call on a first subscription SUB-A, and (2)
allows the HF device to switch to a second subscription
SUB-B by sending a fake indicator or command to the AG
device 102 to change the activate subscription SUB-A to the
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second subscription SUB-B at the AG device 102. In this
manner, the HF device 106 is able to indicate to the AG device
102 to switch subscriptions, thereby facilitating subscription
synchronization between the AG device and HF device.

According to a fourth problem, an AG device that is Dual
SIM Dual Active (DSDA), has a first subscription SUB-A
with an active first voice call dialed through the HF device and
also a second voice call again dialed through HF device over
a second subscription SUB-B. In that case, the first call of
SUB-A will be on hold and the second call from SUB-B will
be active. Currently, there is no option in the HF device to
switch from the active second call (on SUB-B) to active the
first call (on SUB-A) while placing the second call on hold.

FIG. 5 illustrates a fourth exemplary approach in which a
HF device is able to originate a first call on a first subscription
and subsequently originate a second call from a second sub-
scription of an AG device. The HF device 106 may originate
a first call from a first subscription SUB-A 502. The AG
device 102 notifies the call manager of the outgoing first call
from the first subscription SUB-A 504.

Then, the HF device 106 may wish to originate a second
call on a second (different) subscription SUB-B. To do this,
the HF device 106 sends a fake indicator or command to the
AG device 102 for synchronization between AG and HF (with
respect to the preferred subscription since it should be the
same) for originating the second call from the subscription
SUB-B 506 by the HF device 106. The HF device 106 may
then originate a second voice call from the second subscrip-
tion SUB-B 508. The AG device 102 notifies the call manager
110 of the outgoing second call on the second subscription
SUB-B 510. The first call over the first subscription SUB-A
may be placed on hold while the second subscription SUB-B
is active. The call manager 110 may then notify the AG device
102 that the second call has been originated and accepted
from the second subscription SUB-B 512. The AG device 102
may then inform the HF device 106 that the second call has
been attended on the second subscription SUB-B 514.

In order to switch back to the first call on the first subscrip-
tion SUB-A, the HF device 106 may send an indicator or
command to the AG device to change the preferred subscrip-
tion and allow both the AG device and HF device to be
synchronized 516. The AG device 102 may then notify the
call manager 110 that the preferred subscription has been
changed from the second subscription SUB-B to the first
subscription SUB-A (or vice versa) to switch the subscription
for swapping the calls 518.

In this example, the AG device 102 (telephony interface
108) is configured to: (1) recognize that the HF device 106
already has a first call on a first subscription SUB-A on hold
and an active second call on a second subscription SUB-B,
and (2) allows the HF device 106 to switch back to the first
subscription SUB-A by sending a fake indicator or command
to the AG device 102 to change and activate the first subscrip-
tion SUB-A at the AG device 102. In this manner, the HF
device 106 is able to indicate to the AG device 102 to switch
subscriptions and facilitate subscription synchronization
between the AG device and HF device. Note that the HF
device 106 may not have knowledge of the existence of spe-
cific subscriptions. Instead, it relies on the AG device 102 to
keep track of the current call status, corresponding subscrip-
tion(s), and changing between subscriptions.

According to a fifth problem, an AG device that is Dual
SIM Dual Active (DSDA), has a first subscription SUB-A
with an active first voice call dialed through the HF device and
also a second voice call again dialed through HF device over
the first subscription SUB-A. In that case, the first call of
SUB-A will be on hold and the second call from SUB-A will
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be active. The HF device 106 may then wish to initiate a third
call over a second subscription SUB-B. To do this, the first
call and second call (both over the first subscription SUB-A)
will need to be placed on hold while the third call (over the
second subscription SUB-B) will be active. However, cur-
rently there is no option in HF device to switch from the active
third call (on SUB-B) to active either the first call or second
call (both on SUB-A) while placing the third call (via SUB-B)
on hold.

FIG. 6 illustrates a fifth exemplary approach in which a HF
device is able to originate a first call and a second call on a first
subscription and subsequently originates a third call from a
second subscription of an AG device. The HF device 106 may
originate a first call from a first subscription SUB-A 602. The
AG device 102 notifies the call manager of the outgoing first
call from SUB-A 604. The HF device 106 may also originate
a second call from the first subscription SUB-A 606. The AG
device 102 notifies the call manager 110 of the outgoing
second call from SUB-A 608. When the second call is origi-
nated, the first call may be placed on hold.

The HF device 106 may wish to originate a third call on a
second (different) subscription SUB-B. To do this, the HF
device 106 sends a fake indicator or command to the AG
device 102 for synchronization between AG and HF (with
respect to the preferred subscription since it should be the
same) for originating the third call from the subscription
SUB-B 610 by the HF device 106. The HF device 106 may
then originate a third voice call from the second subscription
SUB-B 612. The AG device 102 notifies the call manager 110
of'the outgoing third call on SUB-B 614. The second call over
the first subscription SUB-A may be placed on hold while the
third subscription SUB-B is active. The call manager 110 may
then notify the AG device 102 that the third call has been
originated and accepted from the second subscription SUB-B
616. The AG device 102 may then inform the HF device 106
that the third call has been attended on the second subscrip-
tion SUB-B 618.

In order to switch back to the first call or second call on the
first subscription SUB-A, the HF device 106 may send an
indicator or command to the AG device to change the pre-
ferred subscription and allow both the AG device and HF
device to be synchronized 620. The AG device 102 may then
notify the call manager 110 that the preferred subscription has
been changed from the second subscription SUB-B to the first
subscription SUB-A (or vice versa) to switch the subscription
for swapping the calls 622.

In this example, the AG device 102 (telephony interface
108) is configured to: (1) recognize that the HF device 106
already has a first call on a first subscription SUB-A on hold
and an active second call on the first subscription SUB-A, and
(2) allows the HF device 106 to switch back to the first
subscription SUB-A by sending a fake indicator or command
to the AG device 102 to change from the second subscription
SUB-B and activate the first subscription SUB-A at the AG
device 102. In this manner, the HF device 106 is able to
indicate to the AG device 102 to switch subscriptions and
facilitate subscription synchronization between the AG
device 102 and HF device 106.

According to a sixth problem, an AG device that is Dual
SIM Dual Active (DSDA), has a first subscription SUB-A
with a terminating first voice call attended through the HF
device and also a terminating second voice call again attended
through HF device over the second subscription SUB-B. Cur-
rently, there is no option or provision in the HF device to
attend the terminating second call (over SUB-B) although it
can reject the second call.
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FIG. 7 illustrates a sixth exemplary approach in which a HF
device is able to terminate a first call on a first subscription
and subsequently terminate a second call on a second sub-
scription of an AG device. The call manager 110 may receive
an incoming first call on a first subscription SUB-A 702 and
notifies the AG device of the incoming first call 704. The AG
device 102 may send a fake indicator or AT command to the
HF device for attending to the incoming first call from the first
subscription SUB-A 706.

The HF device 106 may attend (answer) the incoming first
call for SUB-A 708. The HF device 106 may then inform the
AG device 102 that the first call from the first subscription
SUB-A has been attended 710. In turn, the AG device 102
may inform the call manager 110 that the first call from the
first subscription SUB-A has been accepted 712.

Similarly, the call manager 110 may receive an incoming
second call on a second subscription SUB-B 714 and notifies
the AG device of the incoming second call 716. The AG
device 102 may send a fake indicator or AT command to the
HF device 106 for attending to the incoming second call from
the second subscription SUB-B 718.

The HF device 106 may attend (answer) the incoming
second call for the second subscription SUB-B 720. The HF
device 106 may then inform the AG device 102 that the
second call from the second subscription SUB-B has been
attended 722. In turn, the AG device 102 may inform the call
manager 110 that the second call from the second subscrip-
tion SUB-B has been accepted 724.

In this example, the AG device 102 (telephony interface
108) is configured to: (1) recognize that the HF device 106
already has a first call on a first subscription SUB-A and (2)
send an indication to the HF device indicating a new incoming
second call, where the indicator does not specifically identify
a subscription, but simply that there is an incoming call so the
first call should be placed on hold. Then the HF device should
be able to receive the call by holding or disconnecting all the
calls in the first subscription SUB-A.

Exemplary Audio Gateway Device and Method Operational
Thereon

FIG. 8 is a block diagram illustrating an exemplary audio
gateway device adapted to facilitate calls over multiple sub-
scriptions for hands free devices that only support a single
subscription. The audio gateway device 802 may include a
processing circuit 804, a machine-readable storage medium
806, a first wireless communication interface 808 and a sec-
ond wireless communication interface 810. The audio gate-
way device 802 may also include multiple subscriber identity
modules (SIMs) 812 and 814 coupled to the processing cir-
cuit 804. The first wireless communication interface 8§08 may
include a first transmitter/receiver circuit 816 and may serve
to communicate with devices over a long range communica-
tion network (e.g., telephony network, subscriber communi-
cation network, etc.). The second wireless communication
interface 810 may include a second transmitter/receiver cir-
cuit 818 and may serve to communicate with a hands free
device over a short range communication link (e.g., Blue-
tooth, etc.).

The processing circuit 804 may include or implement a
telephony circuit/module 822 used to interface and/or com-
municate over the first wireless communication interface 808
to process incoming and/or outgoing calls. The processing
circuit 804 may also include or implement a hands free device
interface circuit/module 826 used to interface and/or commu-
nicate over the second wireless communication interface 810
to process incoming and/or outgoing calls to/from a hands
free device. The processing circuit 804 may also include or
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implement a call management circuit/module 824 to manage
calls via the multiple subscriber identity modules (SIMs) 812
and 814.

The call management module 824 may keep track of the
state of all subscriptions and calls states thereon on behalf of
or instead of the hands free device. For example, the call
management module 824 may track which is the current or
preferred subscription 838 being used by the hands free
device and/or the non-preferred subscription, as well as the
call states 836 for both the preferred subscription and non-
preferred subscriptions.

The machine-readable storage medium 806 may include
telephony instructions 830, call management instructions
832, and hands free device call instructions 834. In one
example, the telephony instructions 830 may facilitate com-
munications over the telephony communication network by:
(a) providing instructions to receive incoming calls from the
long range communication network (via the first wireless
communication interface 808), and (b) providing instructions
to send outgoing calls from the hands free device over the
long range communication network (via the first wireless
communication interface 808). In another example, the call
management instructions 832 may facilitate management of
calls for the first subscriber identity module 812 and second
subscriber identity module 814 by: (a) maintaining the status
of a currently selected or preferred subscription 838 (and/or
non-preferred subscription), and/or (b) and the call states for
each subscription 836. The hands free device call instructions
834 may facilitate termination and/or origination of calls with
the hands free device by: (a) sending one or more commands
to the hands free device when an incoming call is received on
a subscription, and (b) receiving one or more commands from
the hands free device when an incoming call is accepted an
outgoing call is originated by the hands free device.

FIG. 9 illustrates a method operational on a multi-SIM
(subscriber identity module) audio gateway device. A wire-
less connection or link may be established between the audio
gateway device and a hands free device using a protocol
supporting a single subscription 902. That is, such protocol
may not provide a mechanism to identify distinct subscrip-
tions to the hands free device. Consequently, the hands free
device may not be capable of distinguishing or selecting
between subscriptions. For a multi-subscription audio gate-
way device, a first subscription may be initially selected as a
preferred subscription.

A first call which terminates or originates at the hands free
device may be established via the first subscription 904. Sub-
sequently, an outgoing call may be setup via a second sub-
scription by: (a) receiving a first indicator from the hands free
device to switch subscriptions, where the first indicator does
not specify a subscription 906; and (b) establishing an origi-
nating second call via a second subscription which originates
at the hands free device 908. Upon receipt of the first indica-
tor, the audio gateway device may switch from the first sub-
scription to the second subscription (if available). If a second
subscription is not available, then the audio gateway device
may send a failure indicator to the hands free device, which
may then opt not to originate the second call, or may originate
the second call over the first subscription (e.g., by placing any
active call over the first subscription on hold).

Similarly, an incoming call may be setup via a second
subscription by: (a) sending a second indicator to the hands
free device of an incoming third call, where the second indi-
cator does not specify a subscription 910; and (b) establishing
the third call via a second subscription which terminates at the
hands free device 912. That is, the second indicator merely
indicates that the third call is incoming, but not that it is from
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adifferent or second subscription than the first call. The hands
free device may then choose to accept the third call or decline
it.

Exemplary Hands Free Device and Method Operational
Thereon

FIG. 10 is a block diagram illustrating an exemplary hands
free device adapted to facilitate calls over multiple subscrip-
tions when the hands free device only support a single sub-
scription. The hands free device 1002 may include a process-
ing circuit 1004, a machine-readable storage medium 1006,
and a first wireless communication interface 1010. The first
wireless communication interface 1010 may include a first
transmitter/receiver circuit 1018 and may serve to communi-
cate with an audio gateway device over a short range com-
munication link (e.g., Bluetooth, etc.). It should be noted that
the hands free device 1002 does not include any subscriber
cards, does not receive or obtain subscription information,
and/or does not identify a particular subscription when mak-
ing an outgoing call.

The processing circuit 1004 may include or implement a
call origination circuit/module 1026 that permits a user of the
hands free device 1002 to initiate an outgoing call. The call
origination circuit/module 1026 may also receive and/or
accept an input from a user requesting to switch subscriptions
prior to originating an outgoing call. For example, the hands
free device may include one or more buttons 1024 that allows
a user to indicate a desire to change subscriptions, initiate an
outgoing call through the audio gateway device, place a call
on hold, terminate a call, and/or accept an incoming call.

The processing circuit 1004 may include or implement a
call termination circuit/module 1028 that permits a user of the
hands free device 1002 to accept or reject an incoming call.
For instance, the call termination module may be coupled to
one or more buttons 1024 on the hands free device or coupled
to the hands free device that permit answering/rejecting an
incoming call and/or placing a current call on hold.

The machine-readable storage medium 1006 may include
call origination instructions 1030 to facilitate origination of
outgoing calls through the audio gateway device. For
example, the call origination instructions may serve to detect
a request to switch subscriptions from a user, send an indica-
tor to switch subscriptions to the audio gateway device,
receive a phone number to call, send a call request with the
phone number to the audio gateway device, and receive an
acknowledgement when the outgoing call has been placed.

The machine-readable storage medium 1006 may also
include call termination instructions 1032 to facilitate termi-
nation of incoming calls through the audio gateway device.
For example, the call termination instructions may serve to
receive an indicator of an incoming call from the audio gate-
way device, accept and/or reject the incoming call while
placing other pending calls on hold and/or terminating those
other calls.

FIG. 11 illustrates a method operational on a hands free
device. A wireless connection may be established between
the hands free device and an audio gateway device using a
protocol supporting a single subscription 1102. A first call
which terminates or originates at the hands free device may
also be established via a first subscription 1104. An outgoing
call may be setup via a second subscription by: (a) sending a
first indicator to the audio gateway device to switch subscrip-
tions, where the first indicator does not specify a subscription
1106; and (b) establishing an originating second call via a
second subscription which originates at the hands free device
1108. Similarly, an incoming call may be setup via a second
subscription by: (a) receiving a second indicator at the hands
free device of an incoming third call, where the second indi-
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cator does not specify a subscription 1110; and (b) establish-
ing the third call via a second subscription which terminates
at the hands free device 1112.

Also, it is noted that the aspects of the present disclosure
may be described as a process that is depicted as a flowchart,
a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a
sequential process, many of the operations can be performed
in parallel or concurrently. In addition, the order of the opera-
tions may be re-arranged. A process is terminated when its
operations are completed. A process may correspond to a
method, a function, a procedure, a subroutine, a subprogram,
etc. When a process corresponds to a function, its termination
corresponds to a return of the function to the calling function
or the main function.

Moreover, a storage medium may represent one or more
devices for storing data, including read-only memory (ROM),
random access memory (RAM), magnetic disk storage medi-
ums, optical storage mediums, flash memory devices and/or
other machine-readable mediums and, processor-readable
mediums, and/or computer-readable mediums for storing
information. The terms “machine-readable medium”, “com-
puter-readable medium”, and/or “processor-readable
medium” may include, but are not limited to non-transitory
mediums such as portable or fixed storage devices, optical
storage devices, and various other mediums capable of stor-
ing, containing or carrying instruction(s) and/or data. Thus,
the various methods described herein may be fully or partially
implemented by instructions and/or data that may be stored in
a  “machine-readable medium”, “computer-readable
medium”, and/or “processor-readable medium” and executed
by one or more processors, machines and/or devices.

Furthermore, aspects of the disclosure may be imple-
mented by hardware, software, firmware, middleware, micro-
code, or any combination thereof. When implemented in soft-
ware, firmware, middleware or microcode, the program code
or code segments to perform the necessary tasks may be
stored in a machine-readable medium such as a storage
medium or other storage(s). A processor may perform the
necessary tasks. A code segment may represent a procedure,
a function, a subprogram, a program, a routine, a subroutine,
a module, a software package, a class, or any combination of
instructions, data structures, or program statements. A code
segment may be coupled to another code segment or a hard-
ware circuit by passing and/or receiving information, data,
arguments, parameters, or memory contents. Information,
arguments, parameters, data, etc. may be passed, forwarded,
ortransmitted via any suitable means including memory shar-
ing, message passing, token passing, network transmission,
etc.

The various illustrative logical blocks, modules, circuits,
elements, and/or components described in connection with
the examples disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic component, discrete gate or transistor
logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A
general purpose processor may be a microprocessor, but in
the alternative, the processor may be any conventional pro-
cessor, controller, microcontroller, or state machine. A pro-
cessor may also be implemented as a combination of com-
puting components, e.g., a combination of a DSP and a
microprocessor, a number of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration.
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The methods or algorithms described in connection with
the examples disclosed herein may be embodied directly in
hardware, in a software module executable by a processor, or
in a combination of both, in the form of processing unit,
programming instructions, or other directions, and may be
contained in a single device or distributed across multiple
devices. A software module may reside in RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM,
or any other form of storage medium known in the art. A
storage medium may be coupled to the processor such that the
processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium
may be integral to the processor.

Those of skill in the art would further appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the aspects dis-
closed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illus-
trate this interchangeability of hardware and software, vari-
ous illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system.

The various features of the invention described herein can
be implemented in different systems without departing from
the invention. It should be noted that the foregoing aspects of
the disclosure are merely examples and are not to be con-
strued as limiting the invention. The description of the aspects
of'the present disclosure is intended to be illustrative, and not
to limit the scope of the claims. As such, the present teachings
can be readily applied to other types of apparatuses and many
alternatives, modifications, and variations will be apparent to
those skilled in the art.

What is claimed is:

1. A method operational on a multi-subscriber identity
module audio gateway device, comprising:

establishing a wireless connection between the audio gate-

way device and a hands free device using a protocol
supporting a single subscription;

establishing a first call which terminates or originates at the

hands free device via a first subscription;

setting up an outgoing call via a second subscription by:

receiving a first indicator from the hands free device to
switch subscriptions, where the first indicator does
not specify a subscription;

establishing an originating second call via the second
subscription which originates at the hands free
device; and

setting up an incoming call via the second subscription by:

sending a second indicator to the hands free device of an
incoming third call, where the second indicator does
not specity a subscription; and

establishing the third call via the second subscription
which terminates at the hands free device.

2. The method of claim 1, wherein the first call is placed on
hold when the second call is established.

3. The method of claim 1, wherein the second call is placed
on hold when the third call is established.

4. The method of claim 1, wherein the first indicator and
second indicator reuse a command from the protocol.

5. The method of claim 1, wherein the first indicator indi-
cates a relative switch from a current subscription to another
subscription.

6. The method of claim 1, wherein the audio gateway
device manages calls for two or more subscriptions where
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such calls originate or terminate at the hands free device but
without conveying subscription information to the hands free
device.

7. The method of claim 1, wherein the audio gateway
device manages calls for two or more subscriptions where
such calls originate or terminate at the hands free device but
without identifying a specific subscription to the hands free
device.

8. The method of claim 1, wherein the audio gateway
device is communicatively coupled to a wireless network,
distinct from the wireless connection with the hands free
device, through which voice calls are transmitted to and from
the audio gateway device.

9. The method of claim 1, wherein the audio gateway
device maintains status information for all calls and subscrip-
tions on behalf of the hands free device.

10. The method of claim 1, wherein no subscription infor-
mation is transmitted from the audio gateway device to the
hands free device.

11. An audio gateway device, comprising a first wireless
communication interface to communicate with a telephony
network;

a second wireless communication interface to communi-

cate with a hands free device;

afirst subscriber identity module to facilitate calls via a first
subscription;

a second subscriber identity module to facilitate calls via a
second subscription;

a processing circuit coupled to the first wireless commu-
nication interface, the second wireless communication
interface, the first subscriber identity module, and the
second subscriber identity module, and configured to

establish a wireless connection between the audio gateway
device and the hands free device using a protocol sup-
porting a single subscription;

establish a first call which terminates or originates at the
hands free device via the first subscription;

setup an outgoing call via the second subscription by:

receiving a first indicator from the hands free device to
switch subscriptions, where the first indicator does not
specify a subscription; and

establishing an originating second call via the second sub-
scription which originates at the hands free device; and

setup an incoming call via the second subscription by:

sending a second indicator to the hands free device of an
incoming third call, where the second indicator does not
specify a subscription; and

establishing the third call via the second subscription
which terminates at the hands free device.

12. The audio gateway device of claim 11, wherein the first

call is placed on hold when the second call is established.

13. The audio gateway device of claim 11, wherein the
second call is placed on hold when the third call is estab-
lished.

14. The audio gateway device of claim 11, wherein the first
indicator and second indicator reuse a command from the
protocol.

15. The audio gateway device of claim 11, wherein the first
indicator indicates a relative switch from a current subscrip-
tion to another subscription.

16. The audio gateway device of claim 11, wherein the
audio gateway device manages calls for two or more subscrip-
tions where such calls originate or terminate at the hands free
device but without identifying a specific subscription to the
hands free device.
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17. A method operational on a hands free device, compris-
ing:

establishing a wireless connection between the hands free

device and an audio gateway device using a protocol
supporting a single subscription;

establishing a first call which terminates or originates at the

hands free device via a first subscription;

setting up an outgoing call via a second subscription by:

sending a first indicator to the audio gateway device to
switch subscriptions, where the first indicator does
not specify a subscription;

establishing an originating second call via the second
subscription which originates at the hands free
device;

setting up an incoming call via a second subscription by:

receiving a second indicator at the hands free device of
an incoming third call, where the second indicator
does not specity a subscription; and

establishing the third call via the second subscription
which terminates at the hands free device.

18. The method of claim 17, wherein the first call is placed
on hold when the second call is established.

19. The method of claim 17, wherein the second call is
placed on hold when the third call is established.

20. The method of claim 17, wherein the first indicator and
second indicator reuse a command from the protocol.

21. The method of claim 17, wherein the first indicator
indicates a relative switch from a current subscription to
another subscription.

22. The method of claim 17, wherein the hands free device
receives no subscription information from the audio gateway
device.

23. A hands free device, comprising:

a first wireless communication interface to communicate

with an audio gateway device;

a processing circuit coupled to the first wireless commu-

nication interface and configured to
establish a wireless connection between the hands free
device and the audio gateway device using a protocol
supporting a single subscription;
establish a first call which terminates or originates at the
hands free device via a first subscription;
setup an outgoing call via a second subscription by:
sending a first indicator to the audio gateway device to
switch subscriptions, where the first indicator does
not specify a subscription;
establishing an originating second call via the second
subscription which originates at the hands free
device;
setup an incoming call via the second subscription by:
receiving a second indicator at the hands free device
of an incoming third call, where the second indica-
tor does not specify a subscription; and
establishing the third call via the second subscription
which terminates at the hands free device.

24. The hands free device of claim 23, wherein the first call
is placed on hold when the second call is established.

25. The hands free device of claim 23, wherein the second
call is placed on hold when the third call is established.

26. The hands free device of claim 23, wherein the first
indicator and second indicator reuse a command from the
protocol.

27. The hands free device of claim 23, wherein the first
indicator indicates a relative switch from a current subscrip-
tion to another subscription.
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